The occurrence of giant cells in the testes of several mammalian species following various kinds of testicular injuries is well documented (BENITZ and DAMBACH, 1965; HOLSTEIN, 1975; SINGH,1982 ; HOLSTEIN and ECKMANN, 1986) . The giant cells contain multiple nuclei of germ cells. Electron microscopic studies show that the germ cells in the seminiferous tubules are connected to each other by intercellular bridges (DYM and FAWCETT,1971) . It has also been suggested that the giant cells are formed by the fusion of germ cells, and this fusion occurs due to damage to the intercellular bridges (PLOEN, 1973a, b; TORGERSEN et al., 1982) . However, the exact mechanism of the formation of giant cells remains unknown. In the present study, we observed the cells after efferent duct ligation and found that the fusion of spermatids and their subsequent orientation in the giant cells is related to the polarity of spermatids during spermiogenesis.
MATERIALS AND METHODS
Twenty-four adult male dd-mice were used in this study. The ligation of the efferent duct was done under pentobarbital sodium (Nembutal) anesthesia injected intraperitoneally. The testis and epididymis were exposed through a median incision of the lower abdomen, and the efferent duct was ligated on both sides under a dissection microscope. Groups of six mice were killed at intervals of 2, 4, 6 and 8 days after surgery, and the testis was examined.
For light microscopy, the testis was fixed in Bouin's fluid for 3 hrs, dehydrated, embedded in paraffin, sectioned at 6,um and stained with periodic acid Schiff (PAS) and hematoxylin. For electron microscopy, two mice at each interval were perfused with phosphate buffered saline followed by 0.05 M phosphate buffer-5% formalin-2% glutaraldehyde-1.5% sucrose through the left ventricle for 10 min. The testis was removed and cut into small pieces, fixed with the above fixative for 2 hrs, post-fixed with OsO, for 2 hrs , block-stained with 0.5% uranyl acetate overnight, dehydrated and then embedded in Epon. The ultrathin sections were stained with lead citrate.
RESULTS
Light microscopy : The effects of ligation of the efferent duct on the testis were not uniform at any interval. Hence, results from those mice that exhibited regressive changes in the seminiferous tubules are here reported. At 2-4 days post-ligation , regressive changes were seen only in the peripheral seminiferous tubules; the tubules contained few giant cells. By 6-8 days after ligation, giant cells were common in the majority of atrophic tubules (Fig. 1a) . They appeared both in the epithelium and lumen of the tubules. The giant cells were round, measuring up to 40 ,um in diameter, and containing two to fifteen nuclei of the germ cells (Fig. 1) . The commonest giant cells The smallest giant cell had two centrally placed nuclei which were attached to each other by a PAS-positive acrosome (Fig . lb) . The large cells possessed many peripheral nuclei and the PAS-positive acrosomes of these nuclei were usually oriented towards the rim of the cell body; the center of these cells showed PAS -positive (Fig, id, e) . Flattened nuclei of late spermatids were arranged along the rim of the giant cells. Giant cells with many nuclei showing random orientation of acrosomes were rarely encountered. The nuclei of early spermatids lacking acrosomes were often scattered in the cytoplasm of the giant cells (Fig, lc) . Electron microscopy : The present electron microscopic observations deal mainly with giant cells containing round nuclei of early spermatids, as these cells were frequently observed. In most of the multinucleated giant cells, acrosomes were oriented towards the periphery of the cell body and exhibited Golgi, cap, and acrosome phases (Fig. 2) . Sometimes two or three nuclei were connected together with a common acrosome while the center of the acrosome still showed peripheral orientation. The cytoplasm in the center of the giant cells had an accumulation of many mitochondria, lamellated membranes, and heterogenous membrane-bound structures with various contents such as granules, fine vesicles, and myelin like figures; dense chromatoid bodies and centrioles were also found in this region (Fig. 2) . The cytoplasm in the periphery as well as in the center contained vesicular endoplasmic reticulum.
When giant cells had two nuclei, a T-shaped acrosome was shared by both nuclei (Fig. 3a) . The Golgi apparatus was found at the pole where the acrosome was exposed to the cytoplasm; chromatoid bodies and centrioles were seen at the pole opposite to that of the Golgi apparatus; mitochondria also accumulated in this region, or else were randomly distributed (Fig. 3a b ). Giant cells with two to five nuclei occasionally showed intercellular bridges with adjacent spermatids (Fig. 3a) .
The intercellular bridges connecting giant cells and uninucleated spermatids were usually wide and deformed as compared with the normal bridges which are narrow and exhibit a C-shaped or semicircular profile with membrane-bound dense material (Fig.  3) . Intercellular bridges without any dense material underneath the plasma membrane were often observed (Fig. 3d, e) . The bridges were noticed mostly on the side opposite to that of the developing acrosomes where the cytoplasmic area had mitochondria, endoplasmic reticulum, centrioles, and chromatoid bodies.
Uninucleated spermatids had normal intercellular bridges. The pole of the cell opposite to that of the acrosome was usually observed towards the bridge (Fig. 3b) .
Some large giant cells showed dense cytoplasm containing many vacuoles and appeared degenerated. However, those cells with fewer nuclei showed less degeneration. (BENITZ and DAMBACH, 1965 ; HOLSTEIN, 1975; SINGH, 1982; HOLSTEIN and ECKMANN, 1986) . They have been also described in mice following cryptorchidism (ABE and TAKANO, 1987) and treatment with 5-thio-D-glucose (SINGH, 1983), 1-(2, 4-dichlorobenzyl)-1H-indazole-3-carboxylic acid (SINGH and DoMINIC, 1984 ) and prostaglandin (SINGH and DOMINIC,1986) . The occurrence of giant cells in the testis is considered to be an expression of germ cell degeneration. The genesis of these cells has been discussed in relation to the confluence of cell membranes of adjacent germ cells, alterations in the intercellular bridges of germ cells, and the abnormal division of germ cells (PLOEN,1973a, b ; HOLSTEIN, 1975 ; TORGERSEN et al., 1982 ; HOLSTEIN and ECKMANN, 1986) . This study deals mainly with the changes in the intercellular bridges. DYM and FAWCETT (1971) reported that the intercellular bridges that connect the groups of germ cells in the seminiferous tubules are narrow and have membrane-bound dense material. By contrast, in the ligated mice this bridge often appeared wide with no dense material. Our observations, therefore, suggest that the fusion of germ cells resulting in the formation of giant cells occurs primarily due to the opening and ensuing damage to the intercellular bridges. Electron microscopic studies on the testis after cryptorchidism (PLOEN,1973a, b) and treatment with bacterium Calmette-Guerin (BCG) (TORGERSEN et al., 1982) also suggest that the intercellular bridge is susceptible to various experimental manipulations.
In the present study, it is probable that the increase in the intratubular pressure in the testis after ligation of the efferent duct caused damage to the bridge resulting in the fusion of the germ cells. It is assumed that the membrane-bound dense material is essential for the normal maintenance of the bridge, and is sensitive to various injuries.
Small giant cells develop into larger cells by the fusion of more and more spermatids. This contention is supported by the observation that giant cells with two to five nuclei were seen connected by intercellular bridges with adjacent spermatids in the early phase of development. The nuclei in the giant cells exhibited further phases of development of acrosome before finally degenerating.
In giant cells, the acrosomes and nuclei were usually oriented towards the periphery of the cell, while the mitochondria, centrioles, and chromatoid bodies that form the tails of sperm were accumulated in the central region in the cytoplasm. This orientation of the cellular elements in the giant cells is related to the polarity of spermatids : spermatids exhibit a polarity with regard to the development of the acrosome and tail in normal spermiogenesis (FAWCETT et al., 1971) . The intercellular bridge was seen near the pole of spermatids where the tail of spermatozoa develops. The fusion of spermatids resulting from damage to this bridge may lead to the orientation of the organelles of the tail formation towards the center and the acrosome towards the periphery in the giant cells. The results also suggest that when small giant cells with two or three nuclei of early spermatids in a Golgi or cap phase grow into larger cells with many nuclei in further phases of acrosome development, the organelles for the formation of the tail move apart from the acrosomes and accumulate in the center of the giant cells. Relevant to the present observation is the case during normal spermiogenesis (FAWCETT et al., 1971) . However, spermatids in the giant cells did not show any development of the tail, and finally degenerated.
